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TRANSMISSION DEVICE, TRANSMISSION
METHOD, RECEPTION DEVICE, AND
RECEPTION METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Japanese Priority
Patent Application JP 2015-208445 filed Oct. 22, 2015, the
entire contents of which are incorporated herein by refer-
ence.

TECHNICAL FIELD

The present technology relates to a transmission device, a
transmission method, a reception device, and a reception
method, and particularly to a transmission device and the
like for transmitting not only video streams but also other
streams having graphics data, subtitle data, and the like.

BACKGROUND ART

There are cases in which standard dynamic range trans-
mission video data and high dynamic range transmission
video data are mixed and transmitted. Hereinafter, standard
dynamic range will be referred to as “SDR” and high
dynamic range will be referred to as “HDR” appropriately.
In this case, the SDR transmission video data is data
obtained by applying an SDR opto-electrical transfer to SDR
video data, and the HDR transmission video data is data
obtained by applying an HDR opto-electrical transfer to
HDR video data. NPL 1, for example, describes an HDR
opto-electrical transfer characteristic (a new gamma char-
acteristic) that includes a compatible area with an existing
opto-electrical transfer characteristic (gamma characteristic)
considering reception of an existing receiving device.

There is a possibility of switching of SDR transmission
video data and HDR transmission video data occurring, for
example, at timings of program switching or insertion of
commercials. When such switching occurs, it is necessary
for a reception side to switch electro-optical transfer char-
acteristics; however, an image disturbance occurs resulting
from the switching, or display muting is performed to hide
the image disturbance.

As an example in which an image disturbance can be
distinctly perceived, there is graphics display through an
operation of a so-called “d (data broadcasting) button,”
which is provided as one of broadcasting services. In this
case, although graphics are superimposed over a program or
a commercial, when an image displayed in a small window
based on video data is switched from SDR to the HDR or
from HDR to SDR, a change occurs in color or brightness
of the graphics display.

CITATION LIST
Non Patent Literature
NPL 1: Tim Borer, “Non-Linear Opto-electrical Transfer
Functions for High Dynamic Range Television,”
Research & Development White Paper WHP 283, July
2014
SUMMARY OF INVENTION
Technical Problem

It is desirable for the present technology to satisfactorily
prevent an image disturbance from occurring on a reception
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side when a plurality of mixed types of transmission video
data with different dynamic ranges are transmitted.

Solution to Problem

A concept of the present technology is a transmission
device including:

a transmission unit that transmits a container in a prede-
termined format including a first component stream that
has, as component data, transmission video data
obtained by switching between a plurality of types of
transmission video data, and a predetermined number
of second component streams that have pieces of other
component data; and

an information insertion unit that inserts dynamic range
information of the component data that each of the
component streams has into the component streams.

In an embodiment of the present technology, by a trans-
mission unit, a container in a predetermined format includ-
ing a first component stream that has, as component data,
transmission video data obtained by switching between a
plurality of types of transmission video data, and a prede-
termined number of second component streams that have
pieces of other component data is transmitted. For example,
the predetermined number of second component streams
may include a data broadcasting stream and/or a subtitle
stream. By an information insertion unit, dynamic range
information of the component data that each of the compo-
nent streams has is inserted into the component streams.

In an embodiment of the present technology described
above, the dynamic range information of the component
data that each of the component streams has is inserted into
the component streams. Thus, a reception side can obtain
output data by performing a luminance mapping process on
the component data based on its dynamic range information
thereof to match display performance and performing com-
positing of the data.

In this case, because a characteristic of an electro-optical
transfer performed on the output data can be fixed, an image
disturbance caused by switching the electro-optical transfer
characteristic can be prevented from occurring. When, for
example, graphics are displayed along with an image based
on video data, even if the image based on the video data is
switched from SDR to HDR or from HDR to SDR, no
change occurs in color or brightness of the graphics display.
In addition, in this case, since the luminance mapping
process is performed on the component data to match
display performance, display based on the component data
can be performed in a proper luminance state at all times.

Note that, in an embodiment of the present technology, for
example, the information insertion unit may further insert
color gamut information of the component data that each of
the component streams has into the component streams. In
this case, the reception side can obtain output data by
performing a color gamut conversion on the component data
based on its color gamut information to match display
performance and performing compositing on the data, and
can perform display based on the component data in a proper
color state at all times.

In an embodiment of the present technology, for example,
another information insertion unit that inserts identification
information indicating a type of transmission video data that
the first component stream included in the container has into
a layer of the container so that the identification information
indicates a type of the transmission video data after the
switching from a timing a predetermined amount of time or
more earlier than a switching timing may be further
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included. In this case, the reception side can recognize the
fact that the type of the transmission video data has been
switched and further the type of the transmission video data
after the switching from the timing a predetermined amount
of time or more earlier than the switching timing.

Another concept of the present technology is a reception
device including:

a reception unit that receives a container in a predeter-
mined format including a first component stream that
has, as component data, transmission video data
obtained by switching between a plurality of types of
transmission video data, and a predetermined number
of second component streams that have pieces of other
component data; and

a processing unit that obtains output data by decoding
each of the component streams, thus obtaining a plu-
rality of pieces of component data, and then performing
compositing of the obtained plurality of pieces of
component data,

Dynamic range information of the component data that
each of the component streams has is inserted into the
component streams, and

the processing unit obtains the output data by performing
a luminance mapping process on each piece of the
component data based on the dynamic range informa-
tion of each piece of the component data to match
display performance, and then performing compositing
of the component data.

In an embodiment of the present technology, by a recep-
tion unit, a container in a predetermined format including a
first component stream that has, as component data, trans-
mission video data obtained by switching between a plural-
ity of types of transmission video data, and a predetermined
number of second component streams that have pieces of
other component data is received. Dynamic range informa-
tion of the component data that each of the component
streams has is inserted into the component streams.

The processing unit decodes each of the component
streams to obtain a plurality of pieces of component data,
and performs compositing on the plurality of pieces of
component data to obtain output data. The processing unit
obtains the output data by performing a luminance mapping
process on each piece of the component data based on its
dynamic range information to match display performance
and performs compositing of the data.

In an embodiment of the present technology described
above, each piece of component data undergoes a luminance
mapping process based on its dynamic range information to
match display performance and be composited, and thereby
output data is obtained. Thus, a characteristic of an electro-
optical transfer performed on the output data can be fixed,
and occurrence of image disturbance caused by switching of
the electro-optical transfer characteristic can be prevented.
In addition, display based on the component data can be
performed in a proper luminance state at all times.

In an embodiment of the present technology, for example,
color gamut information of the component data that each of
the component streams has may be inserted into the com-
ponent streams, and the processing unit may obtain the
output data by performing a color gamut conversion process
on each piece of the component data based on the color
gamut information of each piece of the component data to
match display performance, and then performing compos-
iting of the component data. In this case, display based on
the component data can be performed in a proper color state
at all times.
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Advantageous Effects of Invention

According to an embodiment of the present technology, it
is possible to satisfactorily prevent an image disturbance
from occurring at a reception side when a plurality of mixed
types of transmission video data having different dynamic
ranges are transmitted. Note that effects described in the
present specification are merely illustrative and are not
limitative, and additional effects may be exhibited.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram showing an example of a
configuration of a transmission and reception system as an
embodiment.

FIG. 2 is a block diagram showing an example of a
configuration of a service transmission system.

FIG. 3 is a graph for describing opto-electrical transfer
characteristics.

FIG. 4 is a diagram for describing relations between
switching timings of transmission video data and insertion
timings of identification information for identifying trans-
mission video data after switching.

FIG. 5 is a table showing an example of a structure of
HDR video descriptor.

FIG. 6 is a diagram showing content of principal infor-
mation in the example of the structure of the HDR video
descriptor.

FIG. 7 is a table showing an example of a structure of an
HDR subtitle descriptor.

FIG. 8 is a diagram showing an example of a structure of
a MPEG-2 transport stream.

FIG. 9 is a diagram showing an example of a structure of
a transport stream of MMT.

FIG. 10 is a block diagram showing an example of a
structure of a service reception device.

FIG. 11 is a diagram showing an overview of a luminance
mapping process when display performance is HDR.

FIG. 12 is a block diagram showing an example of a
structure of a screen composition processing unit when
display performance is HDR and has a wide color gamut.

FIG. 13 is a diagram for describing a configuration of a
luminance mapping unit.

FIG. 14 is a diagram for describing the luminance map-
ping unit when display performance is HDR and input
transmission video data is SDR transmission video data.

FIG. 15 is a diagram for describing the luminance map-
ping unit when display performance is HDR and input
transmission video data is HDR transmission video data.

FIG. 16 is a diagram for describing the luminance map-
ping unit when display performance is SDR and input
transmission video data is HDR transmission video data.

FIG. 17 is a diagram showing an example of graphics
display through an operation of a “d button” which is
provided as one of broadcasting services.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments for implementing the technol-
ogy (hereinafter referred to as “embodiments”) will be
described. Note that the description will be provided in the
following order.
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1. Embodiment
2. Modified Example

1. Embodiment

Configuration Example of a Transmission and
Reception System

FIG. 1 shows a configuration example of a transmission
and reception system 10 as an embodiment. The transmis-
sion and reception system 10 is constituted by a service
transmission system 100 and a service reception device 200.
The service transmission system 100 generates an MPEG-2
transport stream (TS) or a transport stream of MPEG media
transport (MMT) (multiplexed stream) as a container, and
puts the transport stream on a broadcasting wave or packets
of a network to transmit the transport stream.

The transport stream includes a first component stream (a
video stream) having transmission video data obtained by
switching between a plurality of types of transmission video
data as component data and a predetermined number of
second component streams having other component data.
The predetermined number of second component streams
include, for example, a data service stream (a data broad-
casting stream) and/or a subtitle stream, and particularly in
the embodiment, include a data broadcasting stream and a
subtitle stream. A data service stream has, for example,
graphics data, image data, and the like as component data.
A subtitle stream has subtitle data as component data.

Dynamic range information of component data that each
component stream has is inserted into the component
stream. In addition, color gamut information of the compo-
nent data that each component stream has is inserted into the
component stream. Furthermore, identification information
indicating a type of transmission video data included in the
transport stream that the first component stream has is
inserted into the transport stream to indicate the type of
transmission video data after the switching from a timing a
predetermined amount of time or more earlier than a switch-
ing timing.

The service reception device 200 receives the above-
described transport stream (an MPEG-2 transport stream or
a transport stream of MMT) transmitted from the service
transmission system 100. The service reception device 200
decodes each of the component streams to obtain a plurality
of pieces of component data, and performs compositing on
the plurality of obtained pieces of component data to obtain
output data.

In this case, respective pieces of the component data
undergo a luminance mapping process based on dynamic
range information of the component data to match display
performance and compositing, and thereby the output data is
obtained. Furthermore, in this embodiment, the respective
pieces of the component data undergo a color gamut con-
version process based on color gamut information of the
component data to match the display performance and
compositing, and thereby the output data is obtained.

The service reception device 200 obtains display image
data by performing an electro-optical transfer (to fix an
electro-optical transfer characteristic) on the output data,
and then performs image display based on this display image
data.

Configuration Example of Service Transmission
System

FIG. 2 shows a configuration example of the service
transmission system 100. This service transmission system
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100 has a control unit 101, a video encoder 102, a data
service encoder 103, a still image encoder 104, a subtitle
encoder 105, a container encoder 106, and a transmission
unit 107.

The control unit 101 is configured to include a central
processing unit (CPU) to control operations of the units of
the service transmission system 100 based on a control
program. The video encoder 102 performs encoding, for
example, MPEG4-AVC or HEVC on input transmission
video data to obtain encoded video data, and then generates
a video stream VS as a component stream including the
encoded video data. The video stream VS includes the
transmission video data as component data.

The input transmission video data is obtained by switch-
ing between a plurality of types of transmission video data.
The plurality of types of transmission video data includes,
for example, standard dynamic range (SDR) transmission
video data and high dynamic range (HDR) transmission
video data. Here, the SDR transmission video data is
obtained by applying a SDR opto-electrical transfer to SDR
video data. In addition, the HDR transmission video data is
obtained by applying an HDR opto-electrical transfer to
HDR video data.

FIG. 3 shows an example of so-called opto-electrical
transfer characteristics indicating characteristics of non-
linear luminance code values that are used to transfer linear
luminance of light in a physical space to a transmission
space of a limited band. In this drawing, the horizontal axis
represents an input luminance level, and the vertical axis
represents a transmission code value. A curve a indicates an
example of an SDR opto-electrical transfer characteristic
that is applied to SDR video data having input luminance
levels of 0 to 100%. In addition a curve bl indicates an
example of an HDR opto-electrical transfer characteristic
(an example compatible with the SDR opto-electrical trans-
fer characteristic) that is applied to HDR video data having
input luminance levels of 0 to N*100%. The characteristic of
this example coincides with the SDR opto-electrical transfer
characteristic up to a compatibility limit value of the input
luminance level. When the input luminance level reaches the
compatibility limit value, the transmission code value
becomes a compatible level.

In addition, a curve b2 indicates an example of an HDR
opto-electrical transfer characteristic (an example not com-
patible with the SDR opto-electrical transfer characteristic)
that is applied to HDR video data having input luminance
levels of 0 to N*100%. Furthermore, a curve b3 indicates an
example of HDR opto-electrical transfer characteristic (an
example not compatible with the SDR opto-electrical trans-
fer characteristic) having input luminance levels of 0 to
M*100%. Here, N and M are numbers greater than 1, and
M=<N. Note that, although M<N is set in this illustrated
example, a relation of maximum luminance between b2 and
b3 may be M>=N in general cases.

Returning to FIG. 2, the video encoder 102 receives input
of dynamic range information and color gamut information
of the input transmission video data. The video encoder 102
inserts the dynamic range information and color gamut
information into the video stream VS. Here, the dynamic
range information is information indicating an electro-opti-
cal transfer characteristic corresponding to an opto-electrical
transfer characteristic that the transmission video data has (a
transfer function).

At this point, the video encoder 102 inserts meta infor-
mation such as the information indicating the electro-optical
transfer characteristic corresponding to the opto-electrical
transfer characteristic that the transmission video data has
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(the transfer function), the color gamut information of the
transmission video data, information indicating a reference
level, and the like into a video usability information (VUI)
region of an SPS NAL unit of an access unit (AU). In
addition, the video encoder 102 inserts an SEI message
having the meta information such as the information indi-
cating the electro-optical transfer characteristic correspond-
ing to the opto-electrical transfer characteristic that the
transmission video data has (the transfer function) and the
information of the reference level into an “SEI” part of the
access unit (AU).

Here, the reason for causing the SEI message to have the
information indicating the electro-optical transfer character-
istic is that, when an HDR opto-electrical transfer charac-
teristic is compatible with an SDR opto-electrical transfer
characteristic even though transmission video data is HDR
transmission video data, information indicating an electro-
optical transfer characteristic corresponding to the SDR
opto-electrical transfer characteristic (a gamma characteris-
tic) is inserted into the VUI of the SPS NAL unit to help an
existing SDR-responsive reception device to identify the
characteristic, and thus in order for an HDR-responsive
reception device to identify a video that the device received
as HDR, information indicating an electro-optical transfer
characteristic corresponding to the HDR opto-electrical
transfer characteristic is necessary at a location other than
the VUL

In addition, the reason for causing the SEI message to
have the reference level information is that, when transmis-
sion video data V1 is SDR transmission video data, infor-
mation indicating the electro-optical transfer characteristic
corresponding to the SDR opto-electrical transfer character-
istic (the gamma characteristic) is inserted into the VUI of
the SPS NAL unit, but there is no description on a standard
for insertion of the reference level.

In this case, the information indicating the electro-optical
transfer characteristic (the transfer function) represents an
electro-optical transfer characteristic of, for example,
“BT.709-5 transfer function (SDR),” “10-bit BT.2020 trans-
fer function (SDR),” “SMPTE 2084 transfer function
(HDR1),” “HDR (HDR2),” or the like. Note that “HDR
(HDR2)” is a transfer characteristic partially having the
same kind of characteristic as the gamma characteristic from
the past, rather than a characteristic supporting a “human
visual system.” In addition, the color gamut information
represents a color gamut of “BT.709-5,” “BT.2020,” or
“SMPTE 428 or XYZ.”

The still image encoder 104 performs, for example, JPEG
encoding on the input image data to obtain encoded video
data. The still image encoder 104 receives input of dynamic
range information and color gamut information of the image
data. The still image encoder 104 inserts the dynamic range
information and color gamut information into the encoded
data. Here, the dynamic range information is information
indicating an electro-optical transfer characteristic (a trans-
fer function) corresponding to an opto-electrical transfer
characteristic that the image data has.

For the information indicating the electro-optical transfer
characteristic (the transfer function), the still image encoder
104 uses, for example, a value of a gamma tag stipulated in
an Exchangeable image file format (Exit) standard defined in
the JPEG standard. Currently, “16 (gamma=BT.709-5 trans-
fer function (SDR))” is defined; however, for other values,
“10-bit BT.2020 transfer function (SDR),” “SMPTE 2084
transfer function (HDR1),” “HDR (HDR2),” and the like are
defined and used.
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In addition, for the color gamut information, the still
image encoder 104 uses, for example, a value of a color
space tag stipulated in the Exif standard defined in the JPEG
standard. Currently, “1 (sSRGB=BT.709-5)” is defined; how-
ever, for other values, “BT.2020,” “SMPTE 428 or XYZ,”
and the like are defined and used.

The data service encoder 103 performs an encoding
process on the input graphics data and further on the
encoded data input from the still image encoder 104, and
thereby generates a data service stream DS as a component
stream. The data service stream DS includes image data and
graphics data as component data.

The data service encoder 103 receives input of dynamic
range information and color gamut information of the graph-
ics data. The data service encoder 103 inserts the dynamic
range information and color gamut information into the data
service stream DS. Here, the dynamic range information is
the information indicating an electro-optical transfer char-
acteristic (the transfer function) corresponding to an opto-
electrical transfer characteristic that the graphics data has.

For the information indicating the electro-optical transfer
characteristic (the transfer function), the data service
encoder 103, for example, defines expanded dynamic range
information “D_range” as representing “BT.709-5 transfer
function (SDR),” “10-bit BT.2020 transfer function (SDR),”
“SMPTE 2084 transfer function (HDR1),” “HDR (HDR2),”
or the like. In addition, for the color gamut information, the
data service encoder 103 uses, for example, the item of
“gfx.color_management.mode” to indicate a color gamut of
“BT.709-5,” “BT.2020,” “SMPTE 428 or XYZ,” or the like.

The subtitle encoder 105 performs an encoding process on
the input subtitle data, and thereby generates a subtitle
stream SS as a component stream. The subtitle stream SS
includes subtitle data as component data. Although detailed
description thereof is omitted, the subtitle stream SS
includes text information of subtitles such as Timed Text
Markup Language (TTML), or bitmap data of subtitles.

The subtitle encoder 105 receives input of dynamic range
information and color gamut information of the subtitle data.
The subtitle encoder 105 inserts the dynamic range infor-
mation and color gamut information into the subtitle stream
SS.

When the subtitle stream SS includes the TTML as text
information of subtitles, the subtitle encoder 105 inserts the
color gamut information and dynamic range information of
the subtitle data using, for example, an element of metadata
present in a header of a TTML structure, inserts the color
gamut information and dynamic range information of the
subtitle data using an element of styling extension present in
the header of the TTML structure, or inserts a segment
including the color gamut information and dynamic range
information of the subtitle data into the subtitle stream SS.

On the other hand, when the subtitle stream SS includes
the bitmap data of subtitles, the subtitle encoder 105 inserts
a segment including the color gamut information and
dynamic range information of the subtitle data into the
subtitle stream SS.

In this case, the information indicating the electro-optical
transfer characteristic (the transfer function) indicates an
electro-optical transfer characteristic of, for example,
“BT.709-5 transfer function (HDR1),” “10-bit BT.2020
transfer function (SDR),” “SMPTE 2084 transfer function
(HDR1),” or “HDR (HDR2).” Note that “HDR (HDR2)” is
for a so-called hybrid gamma, not a PQ curve. In addition,
the color gamut information indicates a color gamut of
“BT.709-5,” “BT.2020,” or “SMPTE 428 or XYZ.”
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The container encoder 106 generates a transport stream
(an MPEG-2 transport stream or a transport stream of MMT)
including the video stream VS generated by the video
encoder 102, the data service stream DS generated by the
data service encoder 103, and the subtitle stream SS gener-
ated by the subtitle encoder 105. The transmission unit 107
puts the transport stream in a broadcasting wave or packets
of'a network to be transmitted to the service reception device
200.

At that time, the container encoder 106 inserts identifi-
cation information indicating the type of transmission video
data that the video stream VS included in the transport
stream has into the transport stream so that the identification
information indicates the type of the transmission video data
after switching from the timing a predetermined amount of
time or more earlier than the switching timing of the type of
the transmission video data. By managing the insertion of
the identification information in this way, the reception side
is notified of dynamic switching of the transmission video
data.

FIG. 4 shows relations between timings Sn (S0, S1,
S2, .. .) at which SDR transmission video data (an SDR
service) and HDR transmission video data (an HDR service)
are switched and insertion timings Tn (T0, T1, T2, .. .) of
identification information for identifying transmission video
data after the switching. To satisfy the following expression
(1), a timing Tn is set as a timing t (a predetermined amount
of time) or more earlier than a timing Sn. Note that the
illustrated example shows a case in which Sn-Tn=t (here, t
is a positive value).

Sn-Tn>=t

M

The container encoder 106 inserts, for example, a newly
defined HDR video descriptor (HDR_video_descriptor) to
correspond to the video stream VS. When the transport
stream is an MPEG-2 transport stream, for example, the
descriptor is inserted to be subordinate to a program map
table (PMT) or an event information table (EIT). In addition,
when the transport stream is a transport stream of MMT, the
descriptor is inserted to be subordinate to an MMT package
table (MP table or MPT), or an event information table
(EIT).

FIG. 5 shows an example of a structure (a syntax) of the
HDR video descriptor, and FIG. 6 shows content (semantics)
of principal information in the structure example. The 8-bit
field “descriptor_tag” indicates the type of the descriptor and
indicates an HDR video descriptor here. The 8-bit field
“descriptor_length” indicates a length (a size) of the descrip-
tor and indicates the number of succeeding bytes as the
length of the descriptor.

The 1-bit flag information “HDR_SDR_flag” indicates
whether a target stream is an HDR stream or an SDR stream.
“1” indicates an HDR stream, and “0” indicates an SDR
stream. The 1-bit flag information of “video_characteristic-
s_info_flag” indicates whether characteristic information
exists. “1” indicates that characteristic information exists,
and “0” indicates that no characteristic information exists.

When the “video_characteristics_info_flag” is “1,” 8-bit
fields “transferfunction,” “color_space,” and “refer-
encelevel” exist. The 8-bit field “transferfunction” indicates
an electro-optical transfer characteristic (an EOTF charac-
teristic). In other words, this field indicates an electro-optical
transfer characteristic corresponding to an opto-electrical
transfer characteristic that the transmission video data has.
For example, “1” indicates “BT.709-5 transfer function
(SDR),” “14” indicates “10-bit BT.2020 transfer function
(SDR),” “16” indicates “SMPTE 2084 transfer function
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(HDR1),” and “25” indicates “HDR (HDR2).” Note that,
although “HDR (HDR2)” indicates an HDR electro-optical
transfer characteristic, it is considered to be partially com-
patible with a gamma characteristic and luminance and
transmission characteristics of the past, rather than with a
PQ curve, or to have characteristics close thereto.

The 8-bit field “color_space” indicates a color space. For
example, “1” indicates “BT.709-5,” “9” indicates
“BT.2020,” and “10” indicates “SMPTE 428 or XYZ.”

The 8-bit field “referencelevel” indicates a reference
level. In this case, a value in a relative range in which values
are normalized to “1” at the maximum that is designated to
be a value from 0 to 100 is described as the reference level.
The reception side recognizes a result obtained by dividing
this value by 100 as a normalized relative reference level.
The 8-bit field “content_peak luminance” indicates a rela-
tive luminance value (expressed in %) corresponding to the
peak value of transmission codes included in an image. The
relative value helps, for example, in control of a knee curve
which will be described below.

In addition, the container encoder 106 inserts the type of
subtitle data that the subtitle stream SS included in the
transport stream has, i.e., identification information indicat-
ing whether the data is SDR data or HDR data, into the
transport stream so that the identification information indi-
cate the type of subtitle data after switching from the timing
a predetermined amount of time or more earlier than a
switching timing of the type of the subtitle data. By man-
aging the insertion of the identification information in this
way, the reception side is notified of dynamic switching of
the subtitle data.

The container encoder 106 inserts, for example, a newly
defined HDR subtitle descriptor (HDR_subtitle_descriptor)
to correspond to the subtitle stream SS. When the transport
stream is an MPEG-2 transport stream, for example, this
descriptor is inserted to be subordinate to a program map
table (PMT). In addition, when the transport stream is a
transport stream of MMT, this descriptor is inserted to be
subordinate to an MMT package table (MP table or MPT).

FIG. 7 shows an example of a structure (a syntax) of an
HDR subtitle descriptor. The 8-bit field “descriptor_tag”
indicates the type of the descriptor and indicates the HDR
subtitle descriptor here. The 8-bit field “descriptor_length”
indicates the length (the size) of the descriptor and indicates
the number of succeeding bytes as the length of the descrip-
tor.

The 1-bit flag information “HDR_SDR_flag” indicates
whether a target stream is an HDR stream or an SDR stream.
“1” indicates an HDR stream, and “0” indicates an SDR
stream. The 1-bit flag field “subtitle_display_characteristic-
s_info_flag” indicates whether characteristic information
exists. “1” indicates that characteristic information exists,
and “0” indicates that no characteristic information exists.
When “subtitle_display_characteristics_info_flag™ is 1, the
8-bit fields “transferfunction,” “color_space,” and “refer-
encelevel” exist.

The 8-bit field “transferfunction” indicates an electro-
optical transfer characteristic (an EOTF characteristic). In
other words, this field indicates an electro-optical transfer
characteristic corresponding to an opto-electrical transfer
characteristic that the transmission video data has. For
example, “1” indicates “BT.709-5 transfer function (SDR),”
“14” indicates “10-bit BT.2020 transfer function (SDR),”
“16” indicates “SMPTE 2084 transfer function (HDR1),”
and “25” indicates “HDR (HDR2).” Note that, although
“HDR (HDR2)” indicates an HDR electro-optical transfer
characteristic, it is considered to be partially compatible
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with a gamma characteristic and luminance and transmission
characteristics of the past, rather than with a PQ curve, or to
have characteristics close thereto.

The 8-bit field “color_space” indicates a color space. For
example, “1” indicates “BT.709-5,” “9” indicates
“BT.2020,” and “10” indicates “SMPTE 428 or XYZ.” The
8-bit field “referencelevel” indicates a reference level. In this
case, a value in a relative range in which values are
normalized to “1” at the maximum that is designated to be
a value from 0 to 100 is described as the reference level. The
reception side recognizes the result obtained by dividing this
value by 100 as the normalized relative reference level.

FIG. 8 shows an example of a structure of a MPEG-2
transport stream. In this example of the structure, not only do
a PES packet of the video stream VS identified as PID1
“Video PES” and a PES packet of the subtitle stream SS
identified as PID2 “Subtitle PES” exist, but the data service
stream DS transmitted in a carousel scheme also exists. Note
that, although the subtitle stream SS is transmitted as a PES
as described above and in the carousel scheme like the data
service stream, the substance of the subtitle stream SS does
not change accordingly.

In addition, a transport stream TS includes a program map
table (PMT) as program specific information (PSI). The PSI
is information describing a program to which each elemen-
tary stream included in the transport stream belongs. The
PMT includes a program loop describing information for the
entire program.

The PMT has elementary stream loops having informa-
tion for each elementary stream in. In this structure example,
a video elementary stream loop (a video ES loop) corre-
sponding to the video stream VS and a subtitle elementary
stream loop (a subtitle ES loop) corresponding to the subtitle
stream SS exist.

Information such as a stream type and a packet identifier
(PID) of the video stream VS as well as a descriptor
describing information with regard to the video stream VS
is disposed in the video elementary stream loop. As one type
of the descriptor, the above-described HDR video descriptor
(see FIG. 5) is disposed. Note that a structure in which the
HDR video descriptor is disposed to be subordinate to an
event information table (EIT) as illustrated by the dashed
line is also considered.

In addition, information such as a stream type and a
packet identifier (PID) of the subtitle stream SS as well as a
descriptor describing information with regard to the subtitle
stream SS is disposed in the subtitle elementary stream loop.
As one type of the descriptor, the above-described HDR
subtitle descriptor (see FIG. 7) is disposed.

FIG. 9 shows an example of a structure of a transport
stream of MMT. When the packet type is “MPU,” an MPU
packet of the video stream VS identified as ID1 “MPU
video” and an MPU packet of the subtitle stream SS iden-
tified as ID2 “MPU subtitle” are disposed in the transport
stream of MMT. In addition, when the packet type is
“non-timed packet,” the data service stream DS is disposed
in the transport stream of MMT.

In addition, when the packet type is “message,” various
message packets are disposed in the transport stream of
MMT. There is a packet access (PA) message packet as one
of such message packets. The PA message packet includes a
table such as an MPT.

Information such as an asset type (Asset_type) and a
packet ID (Packet_id) of the video stream VS serving as an
asset as well as a descriptor describing information with
regard to the video stream VS is disposed in the MPT. As one
type of the descriptor, the above-described HDR video
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descriptor (see FIG. 5) is disposed. Note that the structure in
which the HDR video descriptor is disposed to be subordi-
nate to an event information table (EIT) as illustrated by the
dashed line is also considered.

Furthermore, information such as an asset type (Asset_
type) and a packet ID (Packet_id) of the subtitle stream SS
serving as an asset as well as a descriptor describing
information with regard to the subtitle stream SS is disposed
in the MPT. As one type of the descriptor, the above-
described HDR subtitle descriptor (see FIG. 7) is disposed.

An operation of the service transmission system 100
shown in FIG. 2 will be briefly described. Transmission
video data as well as dynamic range information and color
gamut information of the transmission video data is input to
the video encoder 102. Here, the dynamic range information
is information indicating an electro-optical transfer charac-
teristic (a transfer function) corresponding to an opto-elec-
trical transfer characteristic that the transmission video data
has.

The transmission video data input as described above is
obtained by switching between a plurality of types of
transmission video data. The plurality of types of transmis-
sion video data include, for example, SDR transmission
video data obtained by applying an SDR opto-electrical
transfer to SDR video data, and HDR transmission video
data obtained by applying an HDR opto-electrical transfer to
HDR video data.

The video encoder 102 performs encoding, for example,
MPEG4-AVC or HEVC on the transmission video data to
obtain encoded video data, and generates a video stream VS
as a component stream including the encoded video data.
The video stream VS8 includes the transmission video data as
component data.

In addition, upon generating the video stream VS as
described above, the video encoder 102 inserts the dynamic
range information and the color gamut information into the
video stream VS. In this case, meta information such as
information indicating the electro-optical transfer character-
istic (the transfer function) corresponding to the opto-elec-
trical transfer characteristic that the transmission video data
has, the color gamut information of the transmission video
data, and information indicating a reference level is inserted
into a video usability information (VUI) region of an SPS
NAL unit of an access unit (AU). In addition, an SEI
message having the meta information such as the informa-
tion indicating the electro-optical transfer characteristic (the
transfer function) corresponding to the opto-electrical trans-
fer characteristic that the transmission video data has, and
the information of the reference level is inserted into the
“SEI” part of the access unit (AU).

Further, image data as well as dynamic range information
and color gamut information of the image data is input to the
still image encoder 104. Here, the dynamic range informa-
tion is the information indicating the electro-optical transfer
characteristic (the transfer function) corresponding to the
opto-electrical transfer characteristic that the transmission
video data has.

The still image encoder 104 performs, for example, JPEG
encoding on the image data to obtain encoded video data. At
this time, the dynamic range information and the color
gamut information are inserted into the encoded data. In this
case, for the information indicating the electro-optical trans-
fer characteristic (the transfer function), for example, a value
of a gamma tag stipulated in the Exchangeable image file
format (Exif) standard defined in the JPEG standard is used
to be inserted. In addition, for the color gamut information,
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for example, a value of a color space tag stipulated in the
Exif standard defined in the JPEG standard is used to be
inserted.

Further, graphics data as well as dynamic range informa-
tion and color gamut information of the graphics data are
input to the data service encoder 103. Here, the dynamic
range information is the information indicating the electro-
optical transfer characteristic (the transfer function) corre-
sponding to the opto-electrical transfer characteristic that the
transmission video data has. The encoded data obtained by
the still image encoder 104 is further input to the data service
encoder 103.

The data service encoder 103 performs an encoding
process on the graphics data and further on the encoded data
input from the still image encoder 104, and thereby gener-
ates a data service stream DS as a component stream. The
data service stream DS includes the image data and the
graphics data as component data.

Furthermore, upon generating the data service stream DS
as descried above, the data service encoder 103 inserts the
dynamic range information and the color gamut information
into the data service stream DS. In this case, for the
information indicating the electro-optical transfer character-
istic (the transfer function), for example, dynamic range
information “D_range” is expanded, defined, and inserted
thereinto. In addition, for the color gamut information, for
example, the item of “gfx.color_management.mode” is used
to be inserted thereinto.

In addition, the subtitle encoder 105 receives subtitle data
as well as dynamic range information and color gamut
information of the subtitle data. Here, the dynamic range
information is the information indicating the electro-optical
transfer characteristic (the transfer function) corresponding
to the opto-electrical transfer characteristic that the trans-
mission video data has.

The subtitle encoder 105 performs an encoding process on
the subtitle data, and thereby generates a subtitle stream SS
as a component stream. The subtitle stream SS includes the
subtitle data (subtitle text information such as TTML or
subtitle bitmap data) as component data.

Furthermore, upon generating the subtitle stream SS as
described above, the subtitle encoder 105 inserts the
dynamic range information and the color gamut information
into the subtitle stream SS.

Here, when the subtitle stream SS includes TTML as
subtitle text information, the color gamut information and
the dynamic range information of the subtitle data are
inserted using, for example, an element of metadata present
in a header of a TTML structure. In addition, when the
subtitle stream SS includes the subtitle bitmap data, a
segment including the color gamut information and the
dynamic range information of the subtitle data, for example,
is inserted into the subtitle stream SS.

The video stream VS generated by the video encoder 102,
the data service stream DS generated by the data service
encoder 103, and the subtitle stream SS generated by the
subtitle encoder 105 are supplied to the container encoder
106. The container encoder 106 generates a transport stream
(an MPEG-2 transport stream or a transport stream of MMT)
including these streams.

In addition, upon generating the transport stream as
described above, the container encoder 106 inserts identifi-
cation information indicating the type of the transmission
video data that the video stream VS included in this transport
stream has into the transport stream so that the identification
information indicates the type of the transmission video data
after switching from a timing the predetermined amount of
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time or more earlier than a switching timing of the video
stream VS. Specifically, the HDR video descriptor (see FIG.
5) is inserted to correspond to the video stream VS. In
addition, the container encoder 106 further inserts the HDR
subtitle descriptor (see FIG. 7) into the transport stream to
correspond to the subtitle stream SS.

The transport stream generated by the container encoder
106 is supplied to the transmission unit 107. The transmis-
sion unit 107 puts the transport stream in a broadcasting
wave or packets of a network to transmit the transport stream
to the service reception device 200.

Configuration Example of Service Reception
Device

FIG. 10 shows an example of a structure of the service
reception device 200. This service reception device 200 has
a control unit 201, a reception unit 202, a container decoder
203, a video decoder 204, a data service decoder 205, a still
image decoder 206, a subtitle decoder 207, an OSD (On-
screen display) unit 208, a screen composition processing
unit 209, and a monitor 210.

The control unit 201 is configured to include a central
processing unit (CPU) to control operations of the units of
the service reception device 200 using a control program.
The reception unit 202 receives a transport stream (an
MPEG-2 transport stream or a transport stream of MMT)
serving as a container put in a broadcasting wave or packets
of a network and transmitted by the service transmission
system 100 (see FIG. 2). The container decoder 203 extracts
a video stream VS8, a data service stream DS, and a subtitle
stream SS from the transport stream.

In addition, the container decoder 203 extracts various
kinds of information inserted into the transport stream and
transmits the information to the control unit 201. This
information includes the above-described HDR video
descriptor (see FIG. 5) and HDR subtitle descriptor (see
FIG. 7) describing identification information of transmission
video data.

The control unit 201 recognizes whether the transmission
video data included in the video stream VS is SDR trans-
mission video data or HDR transmission video data based on
a description of the HDR video descriptor. As described
above, the identification information for identifying the type
of the transmission video data has been inserted into the
transport stream so that the identification information indi-
cates the type of the transmission video data after switching
from a timing the predetermined amount of time or more
earlier than the switching timing of the type of the trans-
mission video data.

In addition, the control unit 201 recognizes the type of
subtitle data that the subtitle stream SS has, i.e., whether the
subtitle data is SDR data or HDR data, based on the
description of the HDR subtitle descriptor. Identification
information indicating the type of the subtitle data is inserted
into the transport stream so that the identification informa-
tion indicates a type of the transmission video data after
switching from a timing the predetermined amount of time
or more earlier than the switching timing of the type of the
subtitle data, as described above.

The video decoder 204 performs a decoding process on
the video stream VS extracted by the container decoder 203
to obtain the transmission video data as well as dynamic
range information and color gamut information of the trans-
mission video data. Here, the dynamic range information is
information indicating an electro-optical transfer character-



US 10,708,671 B2

15

istic (a transfer function) corresponding to an opto-electrical
transfer characteristic that the transmission video data has.

The data service decoder 205 performs a decoding pro-
cess on the data service stream DS extracted by the container
decoder 203 to obtain graphics data (bitmap data), dynamic
range information and color gamut information of the graph-
ics data and encoded data of image data. The still image
decoder 206 performs a decoding process on the encoded
data obtained by the data service decoder 205 to obtain the
image data as well as dynamic range information and color
gamut information of the image data.

The subtitle decoder 207 performs a decoding process on
the subtitle stream SS extracted by the container decoder
203 to obtain subtitle data (bitmap data) as well as dynamic
range information and color gamut information of the sub-
title data. The OSD unit 208 outputs graphics data (bitmap
data) for OSD (On-screen display) as well as the dynamic
range information and color gamut information of the graph-
ics data.

The screen composition processing unit 209 performs
compositing on the transmission video data obtained by the
video decoder 204, the graphics data obtained by the data
service decoder 205, the image data obtained by the still
image decoder 206, the subtitle data obtained by the subtitle
decoder 207, and the graphics data obtained by the OSD unit
208, and thereby generates display image data correspond-
ing to display performance of the monitor 210. The monitor
210 displays an image based on the display image data,
having display performance such as HDR and a wide color
gamut or SDR and a standard color gamut.

The screen composition processing unit 209 performs a
luminance mapping process on each piece of the data based
on the dynamic range information of the data to match the
display performance and performs compositing thereon. In
addition, the screen composition processing unit 209 per-
forms a color gamut conversion process on each piece of the
data based on the color gamut information of the data to
match the display performance and performs compositing
thereon.

FIG. 11 shows an overview of the luminance mapping
process when the display performance is HDR. The lumi-
nance mapping process is performed on the transmission
video data and the image data such that, when the dynamic
range information indicates HDR, a maximum value of a
data bit expression range corresponds to a maximum bright-
ness level, and when the dynamic range information indi-
cates SDR, the maximum value of the data bit expression
range corresponds to a reference brightness level.

In addition, the luminance mapping process is performed
on the graphics data and the subtitle data such that, when the
dynamic range information indicates HDR, i.e., when the
data has bright components, the maximum value of the data
bit expression range corresponds to the maximum brightness
level, and when the dynamic range information indicates
SDR, i.e., when the data has no bright components, the
maximum value of the data bit expression range corresponds
to the reference brightness level.

As reference brightness level of this case, a reference
brightness level (referencelevel; see FIG. 5) set to corre-
spond to the transmission video data and the image data, for
example, can be used, and a reference brightness level
(referencelevel; see FIG. 7) set to correspond to the graphics
data and the subtitle data, for example, can be used. Fur-
thermore, in this case, the reference brightness level (refer-
encelevel) set to correspond to the transmission video data
and the image data can be used for the transmission video
data and the image data, and the reference brightness level
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(referencelevel) set to correspond to the graphics data and
the subtitle data can be used for the graphics data and the
subtitle data. In addition, although the reference brightness
level may be 100 nits (100% luminance), brightness thereof
is not limited. The reference brightness level may be set in
advance to, for example, 200 nits (200% luminance), 300
nits (300% luminance), or the like.

FIG. 12 shows an example of a structure of the screen
composition processing unit 209 when display performance
is HDR and has wide color gamut. This screen composition
processing unit 209 has color gamut conversion units 211a,
2115, 211¢, and 2114, luminance mapping units 212a, 2125,
212¢, and 212d, a compositing unit 213, and an HDR
electro-optical transfer unit 214.

The transmission video data supplied from the video
decoder 204 is supplied to a series circuit of the color gamut
conversion unit 211a and the luminance mapping unit 212a.
The color gamut conversion unit 211a converts the color
gamut of the transmission video data into a wide color gamut
to match the display performance of a display based on the
color gamut information. For example, when the color
gamut of the transmission video data is “BT.709-5=sRGB”
and the color gamut that matches the display performance is
“BT.2020=ITUR2020,” the color gamut of the transmission
video data is converted from “BT.709-5” to “BT.2020.”
Note that, when the color gamut of the transmission video
data is the same as the wide color gamut that matches the
display performance, the color gamut conversion unit 211a
does nothing substantial, and outputs the input data as it is.

The luminance mapping unit 212a performs luminance
mapping to cause the transmission video data to match a
HDR display performance based on its dynamic range
information. The luminance mapping unit 212a is consti-
tuted by a series circuit of an electro-optical transfer unit (an
EOTF unit) 221 and an opto-electrical transfer unit (an
OETF unit) 222 as shown in FIG. 13.

The electro-optical transfer unit (the EOFT unit) 221
performs a transfer on the input transmission video data to
change an opto-electrical transfer characteristic (an OETF
characteristic) applied to this transmission video data into a
linear optical space characteristic. The opto-electrical trans-
fer unit (the OETF unit) 222 performs an opto-electrical
transfer on the output data of the electro-optical transfer unit
221 based on the opposite opto-electrical transfer charac-
teristic (the OETF characteristic) to the electro-optical trans-
fer characteristic (the EOTF characteristic) of the HDR
electro-optical transfer unit 214.

Here, a case in which the input transmission video data is
SDR transmission video data will be described. In this case,
the luminance mapping unit 212a performs the luminance
mapping process to convert the SDR transmission video data
into HDR transmission video data. In this case, the lumi-
nance mapping unit 212a, which is configured as a series
circuit of an SDR electro-optical transfer unit 231 and an
HDR opto-electrical transfer unit 232 as shown in FIG.
14(a), performs a conversion from an SDR bit space into an
HDR bit space based on the reference brightness level.

The SDR electro-optical transfer unit 231 performs an
electro-optical transfer on the SDR transmission video data
based on an SDR electro-optical transfer characteristic indi-
cated by arrow a in FIG. 14(5). In this case, luminance levels
0 to 100% of the input SDR transmission video data hit 100
nits (=100 c¢d/m?) at maximum in a linear optical space.
Here, “100 nits” indicates brightness of the reference level.
Note that the brightness of the reference level is not limited
to 100 nits, and may be, for example, 200 nits or 300 nits.
This also applies to the following other examples.
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In addition, the HDR opto-clectrical transfer unit 232
performs an opto-electrical transfer based on an HDR opto-
electrical transfer characteristic indicated by arrow b in FIG.
14(c). In this case, output data of the SDR electro-optical
transfer unit 231 is re-assigned to 0 to 100% in the trans-
mission range of 0 to N*100%. Accordingly, the SDR
transmission video data, which has been expressed in a fully
encoded bit, is concentrated on a part of the transmission
range after being re-assigned as HDR transmission video
data.

Next, a case in which the input transmission video data is
HDR transmission video data and an opto-electrical transfer
characteristic (an OETF characteristic) that the HDR trans-
mission video data has does not coincide with the opposite
characteristic of the electro-optical transfer characteristic
(the EOTF characteristic) in the HDR electro-optical trans-
fer unit 214 will be described. Note that, when the opto-
electrical transfer characteristic that the HDR transmission
video data has coincides with the opposite characteristic of
the electro-optical transfer characteristic in the HDR electro-
optical transfer unit 214, the luminance mapping unit 212a
does nothing substantial, and outputs the input data as it is.

In this case, the luminance mapping unit 212a performs
the luminance mapping process to convert the data from
HDRI1 transmission video data into HDR2 transmission
video data. In this case, the luminance mapping unit 212a is
configured as a series circuit of an HDRI1 electro-optical
transfer unit 241 and an HDR2 opto-electrical transfer unit
242 as shown in FIG. 15(a).

The HDRI electro-optical transfer unit 241 performs an
electro-optical transfer on the HDR1 transmission video data
based on an HDRI1 electro-optical transfer characteristic
indicated by arrow a in FIG. 15(). In this case, luminance
levels in the transmission range of 0 to N*100% of the input
HDRI1 transmission video data correspond to N*100 nits
(=K1) at maximum in a linear optical space.

In addition, when N*100% of HDRI1 is greater than
M*100% of HDR2 in this case as illustrated, the HDR1
electro-optical transfer unit 241 performs a luminance con-
version on electro-optical transfer input signals so that the
signal in the luminance levels in the range of 100 to N*100%
has luminance levels in the range of 100 to M*100% as
indicated by a knee curve (indicated by arrow b in FIG.
15(b)). Note that, in FIG. 15(4), “K1” indicates the lumi-
nance value [nits] corresponding to N*100%, and “K2
indicates the luminance value [nits] corresponding to
M*100%. Note that, although it is not illustrated, no such
luminance conversion is performed when N*100% of HDR1
is equal to or lower than M*100% of HDR2.

In addition, the HDR2 opto-electrical transfer unit 242
performs an opto-electrical transfer based on an HDR2
opto-electrical transfer characteristic indicated by arrow ¢ of
FIG. 15(c). In this case, output data of the HDRI1 electro-
optical transfer unit 241 is re-assigned in the entire trans-
mission range of 0 to M*100%.

Returning to FIG. 12, the image data supplied from the
still image decoder 206 is supplied to a series circuit of the
color gamut conversion unit 2115 and the luminance map-
ping unit 2126. The color gamut conversion unit 2115
converts the color gamut of the image data into a wide color
gamut based on its color gamut information to match the
display performance. The luminance mapping unit 2125
performs luminance matching on this image data to match
the HDR display performance based on its dynamic range
information. Note that, since details of the color gamut
conversion unit 2116 and the luminance mapping unit 2125
are similar to those of the color gamut conversion unit 211a
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and the luminance mapping unit 212a corresponding to the
above-described transmission video data, they are omitted.

In addition, the subtitle data supplied from the subtitle
decoder 207 is supplied to a series circuit of the color gamut
conversion unit 211¢ and the luminance mapping unit 212c¢.
The color gamut conversion unit 211¢ converts the color
gamut of the subtitle data into a wide color gamut based on
its color gamut information to match the display perfor-
mance. The luminance mapping unit 212¢ performs lumi-
nance mapping on the subtitle data based on its dynamic
range information to match the HDR display performance.
Note that, since details of the color gamut conversion unit
211c¢ and the luminance mapping unit 212¢ are similar to
those of the color gamut conversion unit 211a and the
luminance mapping unit 212a corresponding to the above-
described transmission video data, they are omitted.

Furthermore, the graphics data supplied from the data
service decoder 205 or the OSD unit 208 is supplied to a
series circuit of the color gamut conversion unit 2114 and the
luminance mapping unit 212d. The color gamut conversion
unit 2114 converts the color gamut of the graphics data into
a wide color gamut based on its color gamut information to
match the display performance. The luminance mapping
unit 2124 performs luminance mapping on the graphics data
based on its dynamic range information to match the HDR
display performance. Note that, since details of the color
gamut conversion unit 2114 and the luminance mapping unit
212d are similar to those of the color gamut conversion unit
211a and the luminance mapping unit 212a corresponding to
the above-described transmission video data, they are omit-
ted.

The transmission video data, the image data, the subtitle
data, and the graphics data that have undergone the pro-
cesses of color gamut conversion and luminance mapping
are supplied to the compositing unit 213. Although detailed
description of the compositing unit 213 is omitted, the
compositing unit performs compositing on the data based on
screen configuration information. Output data of the com-
positing unit 213 is supplied to the HDR electro-optical
transfer unit 214. The HDR electro-optical transfer unit 214
performs an electro-optical transfer on the output data of the
compositing unit 213 based on the HDR electro-optical
transfer characteristic, and thereby obtains display image
data appropriate for the HDR display performance with a
wide color gamut.

Note that an example in which the monitor 210 has the
HDR display performance with a wide color gamut and the
screen composition processing unit 209 obtains display
image data appropriate for the HDR display performance
with a wide color gamut has been described. When the
monitor 210 has SDR display performance with a normal
color gamut such as sRGB, the screen composition process-
ing unit 209 is configured to obtain display image data
appropriate for the SDR display performance with a normal
color gamut.

In this case, each of the color gamut conversion units of
the screen composition processing unit 209 shown in FIG.
12 converts the color gamut of each piece of data into the
normal color gamut that matches the display performance
based on the color gamut information. In addition, each of
the luminance mapping units of the screen composition
processing unit 209 shown in FIG. 12 performs luminance
matching on each piece of the data to match the SDR display
performance based on the dynamic range information. Note
that the HDR electro-optical transfer unit 214 serves as an
SDR electro-optical transfer unit in the screen composition
processing unit 209 shown in FIG. 12.
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Here, a case in which the input transmission video data is
HDR transmission video data will be described. In this case,
the luminance mapping units perform the luminance map-
ping process, and thereby convert the HDR transmission
video data into SDR transmission video data. In this case,
each luminance mapping units is constituted by a series
circuit of an HDR electro-optical transfer unit 251 and an
SDR opto-electrical transfer unit 252 as shown in FIG.
16(a).

The HDR electro-optical transfer unit 251 performs an
electro-optical transfer on the HDR transmission video data
based on the HDR electro-optical transfer characteristic
indicated by arrow a in FIG. 16(5). In this case, the lumi-
nance levels in the transmission range of 0 to N*100% of the
input HDR transmission video data hit N*100 nits (=100
cd/m?) at maximum in a linear optical space.

In addition, in this case, the HDR electro-optical transfer
unit 251 further performs a luminance conversion on an
electro-optical transfer input signal so that the signal in the
range from a luminance level at P %, which is lower than
100%, to the luminance level at N*100% has luminance
levels in the transmission range equal to or lower than 100%
in the SDR OETF as indicated by a knee curve (indicated by
arrow b of FIG. 16(5)).

Furthermore, the SDR opto-electrical transfer unit 252
performs an opto-electrical transfer based on an SDR opto-
electrical transfer characteristic indicated by arrow ¢ in FIG.
16(c). In this case, the output data of the HDR electro-optical
transfer unit 251 is re-assigned in the entire transmission
range of 0 to 100%.

An operation of the service reception device 200 shown in
FIG. 10 will be briefly described. The reception unit 202
receives a transport stream (an MPEG-2 transport stream or
a transport stream of MMT) put in a broadcasting wave or
packets of a network and transmitted from the service
transmission system 100. The transport stream is supplied to
the container decoder 203. The container decoder 203
extracts a video stream VS, a data service stream DS, and a
subtitle stream SS from the transport stream.

In addition, the container decoder 203 extracts various
kinds of information inserted into the transport stream
serving as a container, and transmits the information to the
control unit 201. This information also includes the HDR
video descriptor (see FIG. 5) and HDR subtitle descriptor
(see FIG. 7) described above.

The control unit 201 recognizes whether transmission
video data included in the video stream VS is SDR trans-
mission video data or HDR transmission video data based on
description of the HDR video descriptor. In addition, the
control unit 201 recognizes the type of subtitle data that the
subtitle stream SS has, i.e., whether its type is SDR data or
HDR data, based on the description of the HDR subtitle
descriptor.

The video stream VS extracted by the container decoder
203 is supplied to the video decoder 204. The video decoder
204 performs a decoding process on the video stream VS,
and thereby obtains the transmission video data as well as
dynamic range information and color gamut information of
the transmission video data.

In addition, the data service stream DS extracted by the
container decoder 203 is supplied to the data service decoder
205. The data service decoder 205 performs a decoding
process on the data service stream DS, and thereby obtains
graphics data (bitmap data) as well as dynamic range
information and color gamut information of the graphics
data, and also obtains encoded data of image data.
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The encoded data of the image data obtained by the data
service decoder 205 is supplied to the still image decoder
206. The still image decoder 206 performs a decoding
process on the encoded data, and thereby obtains the image
data as well as dynamic range information and color gamut
information of the image data.

Furthermore, the subtitle stream SS extracted by the
container decoder 203 is supplied to the subtitle decoder
207. The subtitle decoder 207 performs a decoding process
on the subtitle stream SS, and thereby obtains subtitle data
(bitmap data) as well as dynamic range information and
color gamut information of the subtitle data.

The transmission video data obtained by the video
decoder 204, the graphics data obtained by the data service
decoder 205, the image data obtained by the still image
decoder 206, the subtitle data obtained by the subtitle
decoder 207, and the graphics data obtained by the OSD unit
208 are supplied to the screen composition processing unit
209 along with their dynamic range information and color
gamut information.

The screen composition processing unit 209 performs
compositing on the data, and thereby generates display
image data appropriate for the display performance of the
monitor 210. In this case, each piece of the data undergoes
a color gamut conversion process based on the color gamut
information of the data to match the display performance,
further undergoes a luminance mapping process based on
the dynamic range information of the data to match the
display performance, and then undergoes compositing. The
display image data generated by the screen composition
processing unit 209 is supplied to the monitor 210, and the
monitor 210 displays an image based on the display image
data.

As described above, in the transmission and reception
system 10 shown in FIG. 1, the service transmission system
100 inserts dynamic range information of component data
(transmission video data, image data, graphics data, and
subtitle data) that each component stream has into each of
the component streams (a video stream VS, a data service
stream DS, and a subtitle stream SS). Thus, a reception side
can perform a luminance mapping process on each piece of
the component data based on its dynamic range information
to match display performance and perform compositing
thereon to obtain output data.

In this case, since the characteristic of the electro-optical
transfer performed on this output data can be fixed (see the
HDR electro-optical transfer unit 214 of FIG. 12), occur-
rence of an image disturbance caused by switching of the
electro-optical transfer characteristic can be prevented. For
example, when an image based on video data is displayed
along with graphics display, even if the image based on the
video data is switched from SDR to HDR or from HDR to
SDR, the graphics display shows no change in color or
brightness. In addition, in that case, a luminance mapping
process is performed on each piece of component data to
match display performance, and therefore display based on
the component data can be performed in a proper luminance
state at all times.

For example, FIGS. 17(a) and (b) show examples of
graphics display through an operation of a so-called “d
button” that is provided as one of broadcasting services. A
dynamic image based on transmission video data is dis-
played in a small window on an upper right side, and a still
image based on image data is displayed on a lower left side.

FIG. 17(a) is of an example of a case in which charac-
teristics of an electro-optical transfer performed on the
transmission video data are switched according to whether
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the transmission video data is SDR transmission video data
or HDR transmission video data. In this case, color and
luminance of the graphics display are affected when switch-
ing between an SDR image display time and an HDR image
display time is performed.

FIG. 17(b) is an example of a case in which characteristics
of an electro-optical transfer performed on the transmission
video data are fixed regardless of whether the transmission
video data is SDR transmission video data or HDR trans-
mission video data as in an embodiment of the present
technology. In this case, color and luminance of the graphics
display are not affected when switching between an SDR
image display time and an HDR image display time is
performed.

In addition, in the transmission and reception system 10
shown in FIG. 1, the service transmission system 100 inserts
color gamut information of component data that each of
component streams has into the component streams. Thus,
the reception side can obtain output data by performing a
color gamut conversion on the component data based on its
color gamut information to match display performance and
compositing thereon, and therefore display based on the
component data can be performed in a proper color state at
all times.

2. Modified Example

Note that, although the transmission and reception system
10 constituted by the service transmission system 100 and
the service reception device 200 has been introduced in the
above-described embodiment, a configuration of the trans-
mission and reception system to which the present technol-
ogy can be applied is not limited thereto. For example, the
service reception device 200 may be constituted by, for
example, a set-top box (STB) connected with a digital
interface such as High-Definition Multimedia Interface
(HDMI) and a monitor. Note that “HDMI” is a registered
trademark.

In addition, the example in which the container is an
MPEG-2 TS (an MPEG-2 transport stream) or a transport
stream of MPEG Media Transport (MMT) has been intro-
duced in the above-described embodiment. However, a
container to which the present technology can be applied is
not limited thereto, and a container in another format such
as MP4 may be used.

It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

Additionally, the present technology may also be config-
ured as below.

1)

A transmission device including:

a transmission unit that transmits a container in a prede-
termined format including a first component stream that
has, as component data, transmission video data
obtained by switching between a plurality of types of
transmission video data, and a predetermined number
of second component streams that have pieces of other
component data; and

an information insertion unit that inserts dynamic range
information of the component data that each of the
component streams has into the component streams.
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)

The transmission device according to (1),

wherein the information insertion unit further inserts color
gamut information of the component data that each of
the component streams has into the component streams.

3)

The transmission device according to (1) or (2), further

including:

another information insertion unit that inserts identifica-
tion information indicating a type of transmission video
data that the first component stream included in the
container has into a layer of the container so that the
identification information indicates a type of the trans-
mission video data after the switching from a timing a
predetermined amount of time or more earlier than a
switching timing.

“4)

The transmission device according to any of (1) to (3),

wherein the predetermined number of second component
streams include a data broadcasting stream and/or a
subtitle stream.

)

A transmission method including:

transmitting, by a transmission unit, a container in a
predetermined format including a first component
stream that has, as component data, transmission video
data obtained by switching between a plurality of types
of transmission video data, and a predetermined num-
ber of second component streams that have pieces of
other component data; and

inserting dynamic range information of the component
data that each of the component streams has into the
component streams.

(6)

A reception device including:

a reception unit that receives a container in a predeter-
mined format including a first component stream that
has, as component data, transmission video data
obtained by switching between a plurality of types of
transmission video data, and a predetermined number
of second component streams that have pieces of other
component data; and

a processing unit that obtains output data by decoding
each of the component streams, thus obtaining a plu-
rality of pieces of component data, and then performing
compositing of the obtained plurality of pieces of
component data,

wherein dynamic range information of the component
data that each of the component streams has is inserted
into the component streams, and

the processing unit obtains the output data by performing
a luminance mapping process on each piece of the
component data based on the dynamic range informa-
tion of each piece of the component data to match
display performance, and then performing compositing
of the component data.

(M

The reception device according to (6),

wherein color gamut information of the component data
that each of the component streams has is inserted into
the component streams, and

the processing unit obtains the output data by performing
a color gamut conversion process on each piece of the
component data based on the color gamut information
of each piece of the component data to match display
performance, and then performing compositing of the
component data.
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®)
A reception method including:
receiving, by a reception unit, a container in a predeter-
mined format including a first component stream that
has, as component data, transmission video data
obtained by switching between a plurality of types of
transmission video data, and a predetermined number
of second component streams that have pieces of other
component data; and obtaining output data by decoding
each of the component streams, thus obtaining a plu-
rality of pieces of component data, and then performing
compositing of the obtained plurality of pieces of
component data,
wherein dynamic range information of the component
data that each of the component streams has is inserted
into the component streams, and
the output data is obtained in the processing by perform-
ing a luminance mapping process on each piece of the
component data based on the dynamic range informa-
tion of each piece of the component data to match
display performance, and then performing compositing
of the component data.
©
A transmission device including:
circuitry configured to
transmit information in a predetermined format that
includes
a first component stream that has, as component data,
video data obtained by switching between a plurality
of types of video data, and
at least one second component stream that includes
other component data; and
insert dynamic range information of the component
data into the first component stream and insert
dynamic range information of the other component
data into respective of the at least one second com-
ponent stream.
(10)
The transmission device according to (9),
wherein the information is a container in the predeter-
mined format.
(n
The transmission device according to (10),
wherein the container in the predetermined format is a
MPEG-2 transport stream (TS) or a transport stream of
MPEG Media Transport (MMT).
(12)
The transmission device according to (11),
wherein the circuitry is further configured to insert color
gamut information of the component data into the first
component stream and insert color gamut information
of the other component data into respective of the at
least one second component stream.
(13)
The transmission device according to (11), wherein
the circuitry is further configured to insert identification
information in the first component stream, the identi-
fication information included at a position in the first
component stream that occurs at a predetermined
amount of time prior to a switching event, and the
identification information identifies a type of video data
that is included in the first component stream after the
switching event, the switching event switches one type
of video data to another.
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(14

The transmission device according to (11),

wherein the at least one second component stream
includes a data broadcasting stream and/or a subtitle
stream.

(15)

A transmission method including

transmitting, by a transmitter, information in a predeter-
mined format that includes a first component stream
that has, as component data, video data obtained by
switching between a plurality of types of video data,
and

at least one second component stream that includes other
component data; and

inserting with circuitry dynamic range information of the
component data into the first component stream and
inserting dynamic range information of the other com-
ponent data into respective of the at least one second
component stream.

(16)

A reception device including

a receiver configured to receive information in a prede-
termined format that includes

a first component stream that has, as component data,
video data obtained by switching between a plurality of
types of video data, and,

at least one second component stream that includes other
component data; and

circuitry configured to decode the first component stream
and the at least one second component stream to obtain
output data, wherein the circuitry is configured to
obtain from the first component stream dynamic range
information of the component data and obtain from the
other component data other dynamic range information
of the at least one second component stream, and

perform a luminance mapping process on the component
data based on the dynamic range information of the
component data and based on the other dynamic range
information of the other component data to match
display performance, and obtain the output data by
combining respective outputs of the luminance map-
ping process.

a7

The reception device according to (16), further including

a display configured to display an image associated with
the output data.

(18)

The reception device according to (16), wherein

color gamut information of the component data is
included in the first component stream and other color
gamut information is included in the at least one second
component stream, and

the circuitry is configured perform a color gamut conver-
sion process based on the color gamut information and
the other color gamut information to match display
performance, and then obtain the output data by com-
bining the component data and the other component
data.

(19)

A reception method including:

receiving, with a receiver, information in a predetermined
format that includes a first component stream that has,
as component data, video data obtained by switching
between a plurality of types of video data, and,

at least one second component stream that includes other
component data; and

decoding the first component stream and the at least one
second component stream to obtain output data,
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the decoding including obtaining from the first compo-
nent stream dynamic range information of the compo-
nent data and obtaining from the other component data
other dynamic range information from the at least one
second component stream, and

performing a luminance mapping process on the compo-

nent data based on the dynamic range information of
the component data and based on the other component
data of the other dynamic range information to match
display performance, and obtaining the output data by
combining respective outputs of the luminance map-
ping process.

A major characteristic of the present technology is that
dynamic range information of component data that each of
component streams has is inserted into the component
streams and transmitted, thereby a reception side can fix a
characteristic of an electro-optical transfer, and thus occur-
rence of an image disturbance caused by switching of the
electro-optical transfer characteristic can be prevented (see
FIG. 2).

REFERENCE SIGNS LIST

10 transmission and reception system
100 service transmission system
101 control unit
102 video encoder
103 data service encoder
104 still image encoder
105 subtitle encoder
106 container encoder
107 transmission unit
200 service reception device
201 control unit
202 reception unit
203 container decoder
204 video decoder
205 data service decoder
206 still image decoder
207 subtitle decoder
208 OSD unit
209 screen composition processing unit
210 monitor
211a, 2115, 211c, 211d color gamut conversion unit
212a, 2126, 212¢, 212d luminance mapping unit
213 compositing unit
214 HDR electro-optical transfer unit
221 electro-optical transfer unit (EOTF unit)
222 opto-electrical transfer unit (OETF unit)
231 SDR electro-optical transfer unit
232 HDR opto-electrical transfer unit
241 HDRI1 electro-optical transfer unit
242 HDR?2 opto-electrical transfer unit
251 HDR electro-optical transfer unit
252 SDR opto-electrical transfer unit
The invention claimed is:
1. A transmission device comprising:
circuitry configured to:
generate a video component stream that has video
component data, the video component data being
obtained by switching between a plurality of types of
video data;
generate a non-video component stream that includes
non-video component data;
insert first control information specifying a first
dynamic range of the video component data into the
video component stream;
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insert second control information specifying a second
dynamic range of the non-video component data into
the non-video component stream; and
generate a container in a predetermined format that
includes the video component stream with the first
control information inserted therein, and the non-
video component stream with the second control
information inserted therein; and
transmit the container.
2. The transmission device according to claim 1,
wherein the container in the predetermined format is a
MPEG-2 transport stream (TS) or a transport stream of
MPEG Media Transport (MMT).
3. The transmission device according to claim 1,
wherein the circuitry is further configured to insert first
color gamut information of the video component data
into the video component stream and insert second
color gamut information of the non-video component
data into the non-video component stream.
4. The transmission device according to claim 1,
wherein the circuitry is further configured to insert iden-
tification information in the video component stream,
the identification information being included at a posi-
tion in the video component stream that occurs at a
predetermined amount of time prior to a switching
event, and the identification information identifying a
type of video data that is included in the video com-
ponent stream after the switching event, the switching
event corresponding to switching one type of video
data to another.
5. The transmission device according to claim 1,
wherein the non-video component stream includes a data
broadcasting stream or a subtitle stream.
6. A transmission method comprising:
generating a video component stream that has video
component data, the video component data being
obtained by switching between a plurality of types of
video data;
generating a non-video component stream that includes
non-video component data;
inserting, by circuitry of a transmission device, first
control information specifying a first dynamic range of
the video component data into the video component
stream;
inserting, by the circuitry, second control information
specifying a second dynamic range of the non-video
component data into the non-video component stream;
generating a container in a predetermined format that
includes the video component stream with the first
control information inserted therein, and the non-video
component stream with the second control information
inserted therein; and
transmitting, by a transmitter of the transmission device,
the container.
7. A reception device comprising:
a receiver configured to receive a container in a prede-
termined format that includes
a video component stream that includes video compo-
nent data and first control information, the video
component data being obtained by switching
between a plurality of types of video data, and the
first control information specifying a first dynamic
range of the video component data, and
a non-video component stream that includes non-video
component data and second control information, the
second control information specifying a second
dynamic range of the non-video component data; and
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circuitry configured to:
decode the video component stream and the non-video
component stream to obtain the video component
data, the non-video component data, the first control
information, and the second control information;
perform a first luminance mapping process on the video
component data based on the first dynamic range of
the video component data and a second luminance
mapping process on the non-video component data
based on the second dynamic range of the non-video
component data to match display performance asso-
ciated with the video component data and the non-
video component data, and
output processed data including results of the first
luminance mapping process and the second lumi-
nance mapping process.
8. The reception device according to claim 7, further
comprising:
a display configured to display an image associated with
the processed data.
9. The reception device according to claim 7, wherein
first color gamut information of the video component data
is included in the video component stream and second
color gamut information of the non-video component
data is included in the non-video component stream,
and
the circuitry is configured perform a first color gamut
conversion process on the video component data based
on the first color gamut information and a second color
gamut conversion process on the non-video component
data based on the second color gamut information to
match the display performance, the processed data

10

15

20

25

30

28

including results of the first color gamut conversion
process and the second color gamut conversion pro-
cess.
10. A reception method comprising:
receiving, by a receiver of a reception device, a container
in a predetermined format that includes
a video component stream that includes video compo-
nent data and first control information, the video
component data being obtained by switching
between a plurality of types of video data, and the
first control information specifying a first dynamic
range of the video component data, and
a non-video component stream that includes non-video
component data and second control information, the
second control information specifying a second
dynamic range of the non-video component data;
decoding the video component stream and the non-video
component stream to obtain the video component data,
the non-video component data, the first control infor-
mation, and the second control information;
performing a first luminance mapping process on the
video component data based on the first dynamic range
of the video component data and a second luminance
mapping process on the non-video component data
based on the second dynamic range of the non-video
component data to match display performance associ-
ated with the video component data and the non-video
component data; and
outputting processed data including results of the first
luminance mapping process and the second luminance
mapping process.
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